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Introduction
With growing interest in ultra-endurance races worldwide, where an ultra-endurance race is defined as an endurance performance exceeding six hours [1] , there was also an increasing economical and medical interest in these events [2] [3] [4] . Extensive research has already been conducted on the different variables with potential influence on performance in ultra-endurance races such as anthropometric characteristics [5, 6] , training [7, 8] or previous experience [9] . Furthermore, previous research also focused on the effects of age [10] [11] [12] and sex [9, [13] [14] [15] [16] [17] [18] on ultra-endurance performance.
It has been shown that origin, nationality or affiliation to a certain ethnic group could also influence the performance in endurance athletes such as longdistance runners [19] [20] [21] . An example of the presence of a genetic predisposition determining a superior performance is assumed and partly shown for EastAfrican endurance athletes, who have been dominating long-distance running for more than five decades [22] [23] [24] [25] . In running, Kenyan runners dominated running distances from 800 m to the marathon [23] . The top Kenyan runners seemed to arise from a specific region or ethnic group in Kenya. Most national and international athletes originated from the Rift Valley province and belonged to the Kalenjin ethnic group and Nandi sub-tribe [23] . Apart from running, nationality might play a role also in other sports disciplines such as swimming, where US-American and Australian swimmers dominated the 2000 Olympic Games [26, 27] .
In swimming, apart from events held in pools, open-water ultra-swimming has a long tradition such as swimming the English Channel [28] [29] [30] . Since 1875, athletes cross the 'English Channel' . To date, no study investigated the participation and performance trends in open-water ultra-endurance swimmers participating in the 'English Channel Swim' regarding the aspect of the nationality of the swimmers. Considering the relationship between nationality and performance in ultra-endurance races, recent studies investigated ultra-marathoners [31] [32] [33] [34] and ultra-endurance athletes competing in multi-sports disciplines such as duathlon [35] and triathlon [36] [37] [38] [39] [40] [41] . A common finding in these studies on ultra-endurance athletes was that European athletes were dominating both participation and performance [32, [37] [38] [39] [40] [41] . Another important finding in these studies was that competitors were mainly originating from the country where the ultra-endurance race was held [31] [32] [33] [34] [35] [36] or from neighboring countries [32, [34] [35] [36] .
We therefore investigated participation and performance trends for successful solo swimmers in the 'English Channel Swim' regarding the nationality of the swimmers. The aims of the present study were, firstly, to investigate the nationality of participants in the 'English Channel Swim' from 1875-2012 and, secondly, to analyze the performance and performance trends of the swimmers of the leading countries. We firstly hypothesized that British and French swimmers would mainly compete in the 'English Channel Swim' because they live next to the English Channel' . A second hypothesis was that swimmers from leading swim nations such as America and Australia would dominate the 'English Channel Swim' .
Methods
The nationality and the swimming times were analyzed for all participants in 'English Channel Swim' from 1875 to 2012. The data set from this study was obtained from the website of the Channel Swimming Association [28] . The study was approved by the institutional review board of St. Gallen, Switzerland, with waiver of the requirement for informed consent given that the study involved the analysis of publicly available data.
The 'English Channel Swim'
The usual route of the 'English Channel Swim' , from Dover (Great Britain) to Calais (France), starts at Shakespeare Beach (Great Britain), one hour before or one hour after high water and ends in Cap Gris Nez (France). The shortest distance to cross the 'English Channel' is 18.2 nautical miles, equal to 33.8 km. In the course of a year, the water temperature of the Channel varies between 15°C and 18°C during summer [42] . Therefore, athletes are recommended to acclimate to this temperature during their trainings. If a swimmer wants to participate in the 'English Channel Swim' , she/he first needs to fill in an enquiry form, in which she/he has to demonstrate his/her efforts of training to make a realistic attempt to meet the requirements to cross the 'English Channel' . A medical certificate has to be added to affirm the swimmers physical integrity. Athletes corresponding to these terms and conditions are summoned up to an observed one hour swim and evaluated by a committee whether they can attend to the 'English Channel Swim' or not. Furthermore, athletes have to agree to the rules of the association and they also have to be escorted by a vessel, whose pilot is registered to the association.
Data analysis
All solo swimmers who ever participated in the 'English Channel Swim' between 1875 and 2012 were regarded. From all countries with more than ten men or women the performances of the overall top ten athletes were compared. These countries were Great Britain (GBR) To compare these results with the overall population, the number of athletes and the performance of the annual fastest women and men were analyzed. The performance of the annual top three women and men was analyzed between 2001 and 2012. During the 127 years period between 1875 and 2012, only in 78 years 'English Channel Swims' were held. The change in the number of swimmers was analyzed regarding the number of years where 'English Channel Swims' were held. The year 1875 was defined as event year '0' and 2012 was defined as event year '78' . In contrast, the change in performance was analyzed regarding the absolute year (1875='0'; 2012='127').
The sex difference in performance was calculated using the equation ([swimming time (min) in women] -[swimming time (min) in men]) / [swimming time (min) in men] × 100, where the sex difference was calculated for every pairing of equally placed athletes (e.g. between annual fastest male and female swimmer, between annual second fastest male and female, etc.) before calculating mean value and standard deviation of all the pairings. In order to facilitate reading all sex differences were transformed to absolute values before analysing.
Statistical analysis
In order to increase the reliability of the data analyses, each set of data was tested for normal distribution and for homogeneity of variances prior to statistical analyses. Normal distribution was tested using a D' Agostino and Pearson omnibus normality test and homogeneity of variances was tested using a Levene's test in case of two groups and using a Bartlett's test in case of more than two groups. Data in the text are given as mean ± standard deviation (SD). To test significant changes in a variable across years, single linear regression analysis was used. To find differences between multiple groups, a one-way analysis of variance (ANOVA) with subsequent Tukey-Kramer post-hoc analysis was used. Statistical analyses were performed using IBM SPSS Statistics (Version 19, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 5, GraphPad Software, La Jolla, CA, USA). Significance was accepted at P < 0.05 (two-sided for t-tests).
Results
In total, data were available for 1,680 athletes. From the 513 women and 1,167 men, swim times and nationality were available. Between 1875 and 2012, the number of successful swimmers increased exponentially in both women and men (Fig. 1) . For both women ( Fig. 2A) and men (Fig. 2B) successful swimmers lived in Great Britain, followed by athletes living in the USA and in Australia. Over time, both the annual overall women and men (Fig. 3) and the annual fastest women and men (Fig. 4) improved their swim times. Although both the annual fastest women and men improved their swimming times, the sex difference in performance remained unchanged at 15 ± 12% (Fig. 4) . Between 2001 and 2012, the annual fastest three women and men were not able to improve their swimming times (Fig. 5) . Men achieved 541 ± 57 min and women 596 ± 37 min. Men were 55 ± 47 min (13 ± 7%) faster than women.
Considering the nationality of the swimmers, female athletes from Great Britain achieved the highest number of the annual fastest swimming times ahead of athletes living in the USA and Australia (Fig. 6A) . In men, British swimmers achieved most of the annual fastest swimming times ahead of swimmers living in Egypt and the USA (Fig. 6B) . Considering the ten fastest swimmers per country, female swimmers living in Australia were the fastest ahead of swimmers living in USA and Great Britain (Fig. 7A) . In men, the ten fastest swimming times were achieved by swimmers living in the USA, Great Britain and Australia (Fig. 7B) . Figure 8 presents the change in performance for the annual top three British (Panel A) and the annual top three American (Panel B) swimmers. Female swimmers from Great Britain improved swimming times across years, but not male swimmers. The sex difference remained unchanged at 7.6 ± 4.7%. In USAmerican swimmers, neither women nor men improved swimming times; the sex difference remained unchanged at 12.0 ± 4.6%.
Discussion
This study intended to investigate the origin of the fastest swimmers in the 'English Channel Swim' . The main findings were that (i) participation in successful finishers increased exponentially over time for both women and men, (ii) most of the successful finishers lived in Great Britain, (iii) swimming times decreased for both women and men over time, (iv) the fastest swimming times were achieved by athletes living in Australia, USA and Great Britain and (v) British women improved swimming times in the last 12 years.
Exponential increase in participation
The participation increased in an exponential manner in the last 20 years in the 'English Channel Swim' or both women and men. In comparable ultraendurance challenges such as the 'Western States 100-Mile Endurance Run' between 1974 and 2007 [43] or the ultra-triathlons worldwide between 1985 and 2009 [16] , the participation showed a rather linear increase with a stabilization in the last 20 years.
The 'English Channel Swim' may have developed a special myth in the last years since it is also called the 'Everest' of swimming [28] . Since the first 'English Channel Swim' , six fatalities (~0.4% of the starters) occurred until 2011, which is, however, considerably lower compared to the 1.3% fatalities on the 'Mount Everest' [44] . Regarding the participation in women and men, men's participation increased in a more pronounced exponential manner in the last ten years. Most probably, the motivation to compete in ultra-endurance races differs between women and men [45] .
Regarding the participation by nationality, a first important finding was that British swimmers repreBritish swimmers represented the highest number of successful solo swimmers for both women and men. In addition, female and male British swimmers improved their swimming times across years. In contrast to our hypothesis, French swimmers were not among the leading nations regarding both participation and performance. Swimmers can cross the 'Channel' from England to France or from France to England [28] . Most swimmers crossed the 'Channel' from England to France [46] . Due to the heavy traffic in the 'Channel' where more than 500 vessels pass through the shipping lanes each day [47], France banned swimmers using the Calais to Dover route 17 years ago [48] . This might be the main reason that French swimmers were only on 12 th position regarding the number of successful solo swimmers.
The most probable explanation for the high frequency of British swimmers to participate in the 'English Channel Swim' is the vicinity of the Channel for British swimmers. British athletes can reach Dover by car, train or plane. The Port of Dover is located ~128 kilometers from London's Heathrow Airport (~2 to 2 1/2 hours). Regarding American athletes, they have to arrive by plane. Most probably, Americans can rather afford the expenses of flight, accommodation and support for the 'English Channel Swim' compared to swimmers from other countries since the average salary of Americans is one of the highest in the World compared to participants from others countries [49] .
The fastest swimmers originate from Australia, USA and Great Britain A second hypothesis was that swimmers from leading swim nations such as America and Australia would dominate the 'English Channel Swim' since swimmers from America and Australia are dominating indoor pool swimming [26, 27] . The fastest swimming times in the 'English Channel Swim' were achieved by athletes living in Australia, the United States of America and Great Britain. Obviously, Australian and American swimmers are also able to achieve fast swimming times in open-water ultradistance swimming.
An interesting finding was that British women were able to improve their swimming times between 2001 and 2012 whereas British men and both American women and men could not improve in the last twelve years. This finding might be explained by social or motivational aspects needing further investigations. A part of the reason for this may be the tides. On the whole the fastest swims are completed in around 12h (two tides) then it's either 18 or 24h (3-4 tides).
Although both the annual overall women and men and the annual fastest women and men improved their swimming times, the annual three fastest women and men were not able to improve in the last 12 years. The sex difference for the annual top three women and men overall was 13 ± 7%, slightly higher than the sex difference for the annual top three British swimmers (7.6 ± 4.7%) and the annual top three American swimmers (12.0 ± 4.6%).
Limitations
This cross-sectional study is limited since variables such as age [11, 12, 17] , anthropometric characteristics [6] [7] [8] [9] 14] , training [6] [7] [8] [9] 14, 15] , and previous experience [7] [8] [9] with an effect on ultra-endurance performance were not included. In addition, changes in environmental conditions [50, 51] across the years might have had an influence on swim times. The motivation of these athletes is also not known [45] .
Conclusions
To summarize, both female and male swimmers from Great Britain and the United States of America represented the largest number of successful solo swimmers in the 'English Channel Swim' since 1875. The fastest swimming times in 'English Channel Swim' were achieved by swimmers living in Australia, the United States of America and Great Britain. Future studies need to investigate what motivates these swimmers to cross the 'English Channel' .
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